Kinetics: Bromate – Iodide Clock Reaction

Name:______________________________________________Period:_________

Prelab

1. An experiment is designed to study the rate of the reaction: 2 NO (g)  +  O2 (g) ( 2 NO2 (g)
Experiment #

[NO]initial
[O2]initial
- ([NO]/ (tinitial 


1

0.0125 M
0.0250 M
0.0282 M/s


2

0.0250
M
0.0250 M
0.112 M/s


3

0.0125 M
0.0500 M
0.0560 M/s

Write the rate law for the reaction including the value for the specific rate constant, k with units.

Kinetics: Bromate – Iodide Clock Reaction

Objectives:  

To determine the rate law (rate equation) of a chemical reaction.

To determine the rate constant (k) for this reaction.

Introduction and Theory:
How rapidly a chemical reaction occurs depends, in general, on the nature of the reacting species, the concentration of the substances involved, the temperature, and on whether or not a catalyst is present.  A reaction that occurs so rapidly that measurements of its rate are impossible is said to be practically instantaneous.  Although many common reactions are practically instantaneous, there are also many reactions, especially those that occur by a mechanism involving several consecutive steps, which proceed slow enough to permit accurate measurement of their rates.  In such cases it is possible to study how the rate of the reaction is affected by changes in the temperature and by changes in the concentration of each of the reactants.  Of course, the effect of each variable must be determined separately, i.e., while holding all other experimental conditions constant.  For example, to determine how changing the concentration of one reactant, call it A, affects the reaction rate, a series of rate measurements would be carried out, each at a different concentration of A, but all at constant temperature and identical concentrations of the other reactants (B, C, etc.).

Experiments such as this provide the information needed to write an equation called the “rate law” which tells how the rate of a reaction depends on the concentrations of the reacting species.  Thus, for the reaction represented by the balanced general chemical equation:





aA  +  bB  (   cC  +  dD

in which the small letters represent coefficients of the balanced chemical equation, the rate law is:





Rate  =  k[A]x [B]y
where the exponents x and y must be determined experimentally.  (Note that x and y are not simply the coefficients a and b of the balanced chemical equation.)  For example, the reaction is first order with respect to A if x = 1, and first order with respect to B if y = 1.  If it is first order with respect to both A and B, it is a second order reaction overall.

In the rate law expression, k is a proportionality constant called the specific rate constant, or simply the rate constant.  It is an experimentally determined characteristic of the reaction system, and its value is constant only as long as the temperature remains constant

The relative rate of the reaction varies inversely with time.  That is, the faster the reaction, the less time required and the slower the reaction, the more time required.  Thus, the relative rate is given by:






Relative rate = 1/t

t is the time required for the reaction to proceed to completion. In this experiment, 1000/t will be used to generate values that are convenient to compare.

In this experiment you will study the rate properties of the acidic oxidation of iodide ion by bromate ion:



(1)
6I-1 (aq) +  BrO3-1  (aq) +  6H+1 (aq)  (   3I2 (aq)  +  Br-1 (aq)  +  3H2O (l)
The rate of reaction (1) is found by measuring the time required for a secondary reaction (occurring in the same flask) to reach completion.



(2)
I2 (aq)  +  2S2O3-2 (aq)  (   2I-1 (aq)  +  S4O6-2 (aq)
The I2 produced in reaction (1) is rapidly consumed in reaction (2).  Only after the thiosulfate 

(S2O3-2) is exhausted can the I2 being produced in reaction (1) react with starch in the solution to produce a deep blue-colored complex signaling the “end” of the reaction:



(3)
I2 (aq)  +  starch (   blue complex

The sudden appearance of the blue color is a signal that reaction (2) is complete (all of the S2O3-2 has been consumed) and that a stoichiometric amount of I-1, BrO3-1, and H+1 have also been consumed.  By conducting a series of experiments at constant temperature in which varying amounts of I-1, BrO3-1, and H+1 are used (with a constant concentration of thiosulfate), it is possible to establish the order of reaction (1) with respect to iodide, bromate, and hydrogen ion.  That is, we can derive a rate law expression of the form: 



Relative rate = k[I-1]m [BrO3-1]n [H+1]p
The value of k, the rate constant, can be calculated from the relative rates and concentrations used once the values of m, n, and p are known.

Procedure:
A. Dependence of Reaction Rate on Concentration 

A 50 mL buret will be used to measure all solutions in this part of the experiment.

For mixture # 1: Measure accurately 10.00mL 0.0100 M KI, 10.00 mL 0.00100 M Na2S2O3, and 10.00 mL of water into a 125 mL flask labeled A.  Measure accurately 10.00 mL of 0.0400 M KBrO3 and 10.00 mL of 0.100 M HCl into a 25x 200mm test tube labeled B. Add 10 drops of starch indicator solution to the test tube. The large test tube should be supported in a 250 ml Erlenmeyer flask. Record the temperature of solution A.

Pour solution B into solution A and swirl the solutions to mix them thoroughly. Start the stopwatch as soon as you pour the solutions together and stop it at the instant the blue color appears. Record that time.  Rinse flask A, test tube B, and the thermometer with distilled water. Repeat the above procedure for mixtures 2 - 5 below.

	Mixture
	Solution A (mL)
	Solution B (mL)

	#
	KI
	Na2S2O3
	H2O
	KBrO3
	HCl

	
	
	
	
	
	

	1
	10.00
	10.00
	10.00
	10.00
	10.00

	2
	20.00
	10.00
	0.00
	10.00
	10.00

	3
	10.00
	10.00
	0.00
	20.00
	10.00

	4
	10.00
	10.00
	0.00
	10.00
	20.00

	5
	8.00
	10.00
	12.00
	5.00
	15.00


Lab Write-up:
Include a data table containing the reactant concentrations (remember they were diluted to a final volume of 50 mL), time, and relative rate that were used to find the rate law.

Show clearly how the rate orders (with respect to each reactant) were obtained. The exponents are integers in this experiment. Round your experimentally determined exponent to the appropriate integer value before completing any other calculations. Show how you found the value of k, for each trial and the average value of k. Remember that these are relative values of k.

Kinetics: Bromate – Iodide Clock Reaction

Name: ____________________________________________Period: _________

Lab Partner ________________________________________Course:_________

Data Table

Part A:
The reactant concentrations are not those of the stock solutions, since the reagents were diluted by the other solutions. The final volume of the reaction mixture is 50.00 mL in all cases. Calculate the concentrations for each reactant in the mixture.

	Mixture
	[I-]

M
	[BrO3-]

M
	[H+]

M
	Time t

(sec)
	1000/t
	Temp

((C)

	1


	
	
	
	
	
	

	2


	
	
	
	
	
	

	3


	
	
	
	
	
	

	4


	
	
	
	
	
	

	5


	
	
	
	
	
	


           rate = k(I-1)m(BrO3-1)n(H+1)p 

Write the rate expression for mixtures 1 and, substituting the relative rates and the concentration from the table.

Relative rate 1 = _____=k(

)m(

)n(

)p
Relative rate 2 = _____=k(

)m(

)n(

)p
Divide the second equation by the first

Experimental value of m = ____

Integer value of m = ____

Relative rate 1 = _____=k(

)m(

)n(

)p
Relative rate 3 = _____=k(

)m(

)n(

)p
Experimental value of n = ____

Integer value of n = ____

Relative rate 1 = _____=k(

)m(

)n(

)p
Relative rate 4 = _____=k(

)m(

)n(

)p
Experimental value of p = ____

Integer value of p = ____

Write the rate equation for the reaction:

Calculate k for each reaction using the relative rate then calculate the average.

(1)_____ 
(2)_____
(3)____
(4)____
average ____________

Show your calculations for mixture 1.

Using kav. and calculate a predicted relative rate and reaction time t for mixture 5.

Rate (predicted) __________
time (predicted) __________
time (observed) __________

Show your calculations:

1
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